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Abstract:
Analysis of the sedimentary record has been used to determine the historical sedimentation rate in the lower Yellow
River and the historical literature has been studied to obtain information on climate change and human activities.
Based on the data obtained, the temporal variation in the sedimentation rate in the lower Yellow River over the past
2300 years has been studied in relation to climate change and the impact of human activities. The results indicate that
the response of the sedimentation zone of Yellow River system to changes in the erosion zone are consistent with
existing understanding. Changes in vegetation and land use, both related to climate change and human activities, are two
major controls responsible for the increase in sedimentation rates. Additionally, the changing strategies for harnessing
of the lower Yellow River are also responsible for such acceleration. With the trend of accelerated sedimentation in
the past 2300 years, the period from the 7th to 10th centuries and the period since the mid-19th century have been
identified as two periods in which abrupt changes occurred. Copyright  2003 John Wiley & Sons, Ltd.
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INTRODUCTION
The fluvial system is an open system that is susceptible to modification by climate change and human activities.
According to Schumm (1977), a fluvial system may be divided into three zones: an upland erosion zone, a
transportation zone and a sedimentation zone. Changes in climate and/or human activities may result in changes
in erosion and transportation processes in the first two zones, and these will influence the sedimentation rate in
the third zone. If a quantitative relationship between the response of a fluvial system and changes in climate
and human activities can be established based on past data, then the change in the fluvial system in the
future in response to global climate change may be predicted. However, in the Yellow River basin there are
only 50 years of meteorological and hydrological data collected using modern instruments, and proxy data
must be sought to study the response of the fluvial system at time scales beyond 50 years. China has a long
history of agricultural development, especially in the Yellow River basin, known as ‘the cradle of Chinese
civilization’. The use of land for agriculture dates back to 2000 years before present or earlier. Thus, we
can make use of rich sources of historical data for establishment of proxy indices and investigate change
over a long time span. Furthermore, the major erosion zone of the Yellow River system is located on the
Loess Plateau, which is mantled by loess deposits 50–200 m thick that are highly susceptible to erosion. For
given change of precipitation, the response in terms of erosion intensity can be expected to be much more
marked than for other areas. All this makes the Yellow River (Figure 1) an ideal site to study the impact of
land use and climate change on the fluvial system during the period of agriculture. In an earlier paper (Xu,
* Correspondence to: Jiongxin Xu, Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101, People’s Republic of China. E-mail: xujx@igsnrr.ac.cn
Copyright  2003 John Wiley & Sons, Ltd.
3360 J. XU
1998a), the result of an investigation of changes in sedimentation rates in the lower Yellow River over the
past 13 000 years was reported. To focus on changes in sedimentation rates during the period of agriculture,
the present study deals with changing sedimentation rates over the past 2300 years as influenced by human
activities and climate change.
METHOD AND DATA
Sedimentation rates
Over the past 2000 years, the interactions between changes in climate, human activities, vegetation and
land use in the Yellow River basin have been complex. Changes within the erosion zone are recorded by
sediment deposited in the sedimentation zone and the climate and land-use change responsible for changes
within the erosion zone are also documented in historical literature. If information on sedimentation rates
in the lower Yellow River are obtained from the sediment record and information on climate and land-use
change is assembled by historical literature analysis, then the link between the erosion and sedimentation
zones may be established at a 103 year scale, and the response of the latter to the former can be elucidated.
This is the starting point of this study.
The channel of the lower Yellow River is highly unstable and has frequently shifted southward and
northward on its alluvial fan and plain. The location of its mouth has changed between the Bohai Sea in
the north and the Yellow Sea in the south several times. Almost all the course changes of the lower Yellow
River have been documented in historical records, and the relics of major old channels have been identified
in the field (Ye et al., 1990). The sedimentation rates in various former channels can be determined by
analysis of their sediments. The study of sedimentation rates in a former channel dating from the Ming
and Qing dynasties by Zhang and Xie (1982) is an outstanding example of such work. In an area far
from the channel of the Yellow River, the ground surface was covered by silt and clay floodplain material
on which appreciable pedogenesis had occurred. When the Yellow River course shifted to this location,
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Figure 1. A sketch map showing the Yellow River basin. I: Arid zone with semi-desert. II: Semi-arid zone with steppe. III: Sub-humid zone
with broad-leaf deciduous forest
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relatively coarse channel sediment was deposited. The interface between the two types of sediment is easy
to identify in the sedimentary record. By investigation of the available records from wells and boreholes,
this boundary can be determined, and the thickness of old channel sediment above this boundary can be
calculated. The lifetime of the old channel can be established from historical literature, and the average
sedimentation rate during the lifetime of the old channel can therefore be estimated. Using this method,
Zhang and Xie (1982) estimated that the sedimentation rate during the Ming and Qing dynasties was
2Ð60 cm year1. If cultural relics or some carbon-containing material can be found at different depths,
different periods of sedimentation may be dated and the sedimentation rate for each period can be calculated.
Using this method, Xu (1990) obtained the sedimentation rate of the Huaxian–Puyang reach of the Yellow
River during the periods of the West Han to North Song dynasties and the North Song dynasty back to
AD 1194. In the present Yellow River channel, when excavations are carried out for hydraulic structures,
such as sluice gates for water diversion from the Yellow River, cultural relics may again be found, and
the sedimentation rate can again be determined. Entering modern times, the lower Yellow River channel
has been mapped and cross-sections have been established. At the cross section, repeated surveys are
regularly conducted. Based on these data, sedimentation rates for different reaches and periods may also
be calculated.
By using the aforementioned approach, 27 sets of sedimentation rate data have been assembled (Table I).
Historical climate, population and land-use data
Many workers have undertaken research on the historical climate in the Yellow River basin by analysing
drought and flood disasters documented in the historical literature (e.g. Xu, 1957). Chen (1990) and Yang
(1993) and others have studied historical changes in population of the Loess Plateau, estimating the population
and its distribution in various dynasties. Zhu (1991) and Wang (1994) have studied the historical changes in
vegetation and land use in the Yellow River basin and identified shifts in the boundaries between agricultural
and animal husbandry zones and different vegetation types. A series of maps has been compiled to show
the distribution of agricultural and husbandry areas in various dynasties in history (Zhu, 1991). All these
results have been used in the present study to establish quantitative indices describing the historical changes
in climate and human activities.
Table I. Sedimentation rate in the lower Yellow River in the pase 2300 years, where R is sedimentation rate and T the
number of years from the mid-point of each period to 2000 (modified from Xu, 1998a)
No Period T(a) R (cm/a) Reach or location Method Source
1 602 B.C.-11 A.D. 2295 0Ð44 Yuhe Old Channel Sedimentology and
historical literature
Calculated from Ye
et al., 1990
2 3000 aBP-1194
A.D.
1910 0Ð66 Lankao to Yucheng Sedimentology and
historical literature
Calculated from Ye
et al., 1990
3 2539 š 168–1194
A.D.
1677 0Ð32 Zhang-junmu,
Lankao
14C dating and
historical literature
Xu, 1994
4 West Han to North
Song Dynasties
1524 0Ð26 Yan-zhuang
Neihuang
Archeology and
sedimentology
Calculated from Xu
et al., 1988
5 11 A.D.-1048 A.D. 1470 0Ð20 11–1048 Old
Channel
Sedimentology and
historical literature
Xu, 1990
6 Early to late Song
Dynasty
956 2Ð39 Qingxian to
Puyang
Archeology and
sedimentology
Xu, 1990
7 Early North
Song-1194 A.D.
923 1Ð92–2Ð14 Jialudahe Old
Channel
Sedimentology and
historical literature
Xu, 1990
(continued overleaf )
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Table I. (Continued )
No Period T(a) R (cm/a) Reach or location Method Source
8 1217–1580 570 2Ð18–3Ð13 Jialudahe Old
Channel
Sedimentology and
historical literature
Xu, 1990
9 1458–1580 485 1Ð25 Taohuayu Sedimentology and
historical literature
Xu, 1990
10 1194–1855 476 2Ð60 Ming-Qing Old
Channel
Sedimentology and
historical literature
Lu, 1981; Zhang and
Xie, 1982
11 1493–1850 328 1Ð66 Qinghekou to
Dongbatou
Sedimentology and
historical literature
Lu, 1981
12 1495–1871 317 2Ð43–3Ð49 Lankao to Minquan Sedimentology and
historical literature
Xu, 1990
13 1752–1855 197 1Ð94–4Ð24 Shangqiu to
Shuining
Sedimentology and
historical literature
Xu, 1990
14 1875–1890 118 5Ð7 Dongbatou Sedimentology and
historical literature
Lu, 1981
15 1722–1972 153 3Ð6 Qinhekou Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
16 1724–1972 152 2Ð0 Wuzhi to Qinchang Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
17 1905–1972 60 4Ð2 Old Jingguang
Railway Bridge
Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
18 1724–1972 542 1Ð7 Shili-dian,
Zhongmou
Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
19 1875–1972 77 3Ð4 Yantan, Dongming Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
20 1875–1972 77 4Ð6 Dongming
Gaochun
Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
21 1875–1972 76 2Ð7 Lulali, Liangshan Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
22 1875–1960 83 2Ð6 Xiezai to
Liuzhuang
Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
23 1878–1960 81 2Ð6 26 km reach above
Xiezai
Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
24 1891–1972 69 4Ð4 Weishan to Lanjia Map comparison,
literature study
and field work
Yellow River Hydraulic
Engineering Institute,
1987
25 1855–1937 104 3Ð8 Buoxing Map comparison,
literature study
and field work
Ding et al., 1983
26 1919–1953 64 5Ð9 Huayuan-kou to
Lijin
Map comparison Chien, 1960
27 1954–1982 32 8Ð2 Huayuan-kou to
Lijin
Cross section
measurements
Ye et al., 1990
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VARIATION IN SEDIMENTATION RATE IN THE LOWER YELLOW RIVER OVER THE PAST
2300 YEARS
Based on the data presented in Table I, the temporal variation in the sedimentation rate in the lower Yellow
River has been plotted (Figure 2) using the period-average of sedimentation rate and the mid-points of each
period to represent the time. The mid-points of the 27 data sets range from 2295 to 32 years before the year
2000, and thus the curve in Figure 2 reflects the variation in sedimentation rate over the past 2300 years,
which represents the period of agriculture in the Yellow River basin. It should be pointed out that the duration
of the periods is quite variable, as are the geomorphic units and the length of river reach for each data set.
This may introduce some problems when making comparisons, but until a better database becomes available
then these data are still very useful and reliable, at least for a study aimed at establishing the overall tendency
of change over a 103 years time scale.
Owing to data availability, the time distribution of the estimates of sedimentation rate is uneven; there are
no data between AD 600 and 1000. However, the available points can be fitted by three straight lines, and thus
the sedimentation of the lower Yellow River in the past 2300 years can be divided into the following three
stages.
Stage 1: extending from 300 BC to AD 550, i.e. roughly from the Warring Period (475 BC–221 BC) to the
Northern (420–589) and Southern (386–581) dynasties. This is characterized by a low sedimentation rate
that ranged from 0Ð2–0Ð4 cm year1. No marked time trend can be discerned.
Stage 2: extending from AD 1000 to AD 1850, i.e. from the Song Dynasty (960–1279) to the middle Qing
dynasty (1644–1911). Compared with Stage 1, a step-like increase in sedimentation rate seems to have
occurred, which can be regarded as the result of abrupt environmental change that occurred in the 7th to 10th
centuries (a detailed discussion will be given later). For Stage 2, although the points fluctuate, no marked
time trend can be seen. This period forms another step, with a sedimentation rate at around 2Ð0 cm year1.
Because there are currently no data between the first and the second steps, we have connected them by dotted
line.
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Figure 2. Temporal variation in sedimentation rate in the low Yellow River in the past 2300 years. Time expressed as years BC and AD; for
convenience, negative values are used for years BC
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Stage 3: extending from 1850 to 1980, i.e. from the late Qing dynasty to the People’s Republic of China.
The sedimentation rate in the lower Yellow River increased sharply from 2 to 8 cm year1 during a period
of 130 years.
EFFECT OF CLIMATE AND VEGETATION CHANGES
The effect of climate change on a fluvial system is complex. A change in rainfall regime may change the
raindrop erosivity and the erosion and transportation ability of storm runoff. Under natural conditions, a
long-term change in precipitation may result in change in vegetation, which further changes the erosion
resistance of the land surface and runoff generation process on hillslopes. According to the well-known
Langbein and Schumm (1958) relationship and the relationship of this type established for the Yellow River
basin by Xu (1998b) (see Figure 3), in both arid areas and sub-humid and humid areas, erosion intensity
and specific sediment yield are relatively low, and peak values are found in semi-arid areas. For the Yellow
River basin, the peak values are associated with an annual precipitation of 400–450 mm. Obviously, on the
Loess Plateau, where a semi-arid climate is dominant, if the climate changes to more humid then the natural
vegetation cover may be improved, leading to lower erosion intensity, and thus the amount of sediment
entering the river will decline. If river runoff increases, then the sedimentation rate will decline, and vice
versa.
However, in areas where the natural vegetation cover has been destroyed by man and the hillslopes are used
for agriculture, the situation may be quite different. In these areas, cultivated slopes rather than vegetated areas
are the major source of sediment. When the climate becomes more humid the erosive energy will increase,
but the erosion resistance of the cultivated land is unlikely to increase. Obviously, under these conditions,
erosion intensity and sediment yield may increase, which will lead to a higher sedimentation rate in the
lower Yellow River. Hence, we can expect that, in the periods before and after vegetation was destroyed by
man, climate change in the same direction is likely to have resulted in opposite effects on the sedimentation
rate in the lower Yellow River. This point should be kept in mind when discussing the changes in erosion
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Figure 3. Specific sediment yield varying with mean annual precipitation, based on the data from the Yellow River basin (after Xu (1998b))
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on the Loess Plateau and the sedimentation rate in the lower Yellow River that were induced by climate
change.
Climate
Based on the data from the Xu (1957) study on flood and drought disasters in the middle Yellow River
basin in the past 2000 years, we have used a humidity index Ih to establish the historical climate change
within the period of study:
Ih D Number of flood disasters ð 2Total number of flood and drought disasters
This formulation means that, compared with the number of drought disasters, the larger the number of flood
disasters the greater is the humidity index. In this study, the humidity index is calculated for each century in
the past 2000 years, based on the data from Xu (1957).
Figure 4 shows the temporal variation in the humidity index over the past 2000 years. Before the 7th
century, Ih fluctuated up and down with no trend. Subsequently, some trends are evident: from the 7th to 12th
centuries Ih declined, indicating that the climate tended to become drier; after the 12th century, Ih increased
continuously, indicating a tendency towards a more humid climate.
Climate change may result in vegetation change. If human activity is superimposed on climate change,
then the vegetation will be notably changed. Wang (1994) has studied the distribution of vegetation on the
Loess Plateau and identified the boundary between forest and steppe (Figure 5). His study indicates that
the period from the Tang (618–907) to the Song (960–1279) dynasties was the turning point during which
the vegetation cover of the Loess Plateau changed greatly. He noted that, during the 7th to 10th centuries,
northern Shaanxi Province suffered from frequent drought and flood disasters and the climate became severe
and unfavourable to the growth of forest. The change in the humidity index during this period, shown in
Figure 4, indicates a tendency towards a drier climate. In addition, because the Tang dynasty was a period
of great prosperity in political, economic and cultural terms, the greatly increased demand for wood as a
building material and for fuel led to large-scale destruction of the forest on the Loess Plateau. After the
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Song dynasty, the northern boundary of the agricultural areas shifted greatly to the north, meaning that the
natural vegetation was extensively destroyed (for more detail, see the next section). According to the map of
the historical vegetation distribution in the middle Yellow River basin compiled by Wang (1994), the south-
ern boundary of steppe was located along the line Daihai–Yulin–Jingbian–Huanxian in the Warring Period
(475 BC–221 BC), and subsequently remained basically unchanged for many centuries. However, it shifted to
the south rapidly during the 7th–10th centuries, and reached the line Kelan–Mizhi–Qingyang–Pingliang in
the Tang and Song dynasties. This period has been marked on Figures 2 and 4, and parallels the continuous
decline in the humidity index.
To relate the change in climate and vegetation cover in the middle Yellow River basin and the sedimentation
rate in the lower Yellow River, the temporal variation in sedimentation rate is also plotted in Figure 4. For
convenience, the points are connected by straight lines. It can be seen that, as the humidity index declined
and vegetation degraded from the 7th to the 10th centuries (i.e. AD 600–900), the sedimentation rate changed
considerably, increasing from the first to the second steps in Figure 2. It is notable that, after the 11th
century, the sedimentation rate in the lower Yellow River increased continuously while the humidity index
also increased. This can be explained by the inference in the preceding section, where the relationship
between erosion and precipitation is discussed for the periods before and after the vegetation was destroyed
by man. After the natural vegetation was destroyed during the period from the 7th to 10th centuries and the
slopeland was cultivated, the increased precipitation led to increased erosivity by water; hence the sediment
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yield from cultivated slopeland increased also, leading to increased sedimentation rates in the lower Yellow
River.
THE EFFECT OF HUMAN ACTIVITIES
Change in population
Human activities affect fluvial systems in many ways. Owing to the lack of data on these impacts, population
numbers can be used as an integrated index to reflect the intensity of human interference as a whole. Many
workers have studied the changes in the population of the Loess Plateau during the different dynasties (e.g.
Chen, 1990; Yang, 1993). Based on their results, we have plotted the temporal variation in population on the
Loess Plateau in Figure 6. Since the population in the gullied hilly areas is more closely related to erosion
and sediment yield, the population density in the gullied hilly areas of the Loess Plateau was calculated and
its variation with time has also been plotted in Figure 6. It can be seen that the variation of population can
be divided into three stages. Before the 12th century, although the population fluctuated, the average was
unchanged at around 8 million. From the 12th century to the middle of the 18th century, the population
increased, and after 1850 it increased sharply. The variation in population density in the gullied hilly areas
can also be divided into three stages, which were similar to those for the total population, but the third stage
started earlier than that for total population.
Figures 2 and 6, which both have three stages, can be compared to demonstrate the influence of population
increase on the sedimentation rate in the lower Yellow River. The most striking feature is the sharp increase
in population after 1850, which coincides with the sharp increase in sedimentation rate. The increase in
population, especially that in the gullied hilly areas, results in enhanced pressure on the environment exerted
by man. To obtain food for the expanded population, large areas of slopeland were deforested and cultivated.
Consequently, soil erosion was intensified and the sediment supply to the river increased, leading to higher
sedimentation rates in the lower Yellow River. Before the 10th to 11th centuries the total population and the
population density in the gullied hilly areas were at a low level; this fact is consistent with the first stage in
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Figure 2, which also shows a low sedimentation rate in the lower Yellow River. The increase in population
during the period from the 10th century to 1850 can be regarded as one of the major factors that caused the
jump in the sedimentation rate from the first to the second stages.
Zhu (1991) and others have studied the historical distribution of agricultural and husbandry areas on
the Loess Plateau using the historical literature. Based on the results obtained, he compiled a set of
maps showing the historical distribution of agricultural and animal husbandry areas Zhu (1991). From
these maps, it is possible to obtain an approximate estimate of the location of the boundary between the
agricultural and animal husbandry areas for various dynasties. To quantify the shift of the boundary between
the agricultural and animal husbandry areas, the west–east-trending Weihe River and the Yellow River
below Tongguan can be used as a baseline. The average distance from the agriculture–animal husbandry
boundary (or the northern boundary of the major agricultural areas) to that baseline is taken as an index.
The temporal variation in the location of the agriculture–animal husbandry boundary has been plotted
in Figure 7. The sedimentation rate in the lower Yellow River is also plotted in this figure, to obtain a
comparison.
Two major shifts of the agriculture–animal husbandry boundary to the north can be seen clearly in Figure 7.
The first took place in the Northern Song dynasty (AD 960–1121) as a direct result of the destruction of
the vegetation cover that occurred in the 7th to 10th centuries, as discussed above. This shift caused a
rapid increase in the sedimentation rate in the lower Yellow River, because agricultural areas, especially
cultivated slopeland, are the major source of sediment. The expansion of the agricultural area must have
greatly increased the sediment supply to the Yellow River, and the sedimentation rate in the lower Yellow
River consequently increased. During the Yuan (AD 1279–1368) and Ming (AD 1368–1644) dynasties, the
agricultural areas became smaller, and the agriculture–animal husbandry boundary shifted to the south.
Accordingly, the sedimentation rate in the lower Yellow River did not increase further. From the Qing
dynasty (1644–1911), the agriculture–animal husbandry boundary shifted to the north considerably. Erosion
on the Loess Plateau intensified, leading to the marked increase in sedimentation in the lower Yellow River
since the 1850s.
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Figure 7. Temporal variation in the location of the agriculture–animal husbandry boundary on the Loess Plateau
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The effect of changing regulation strategies on the lower Yellow River
Throughout history, the main means of regulating the lower Yellow River involved the construction of
artificial leve´es. However, the distance between two leve´es was quite different in different dynasties, resulting
in different regulation strategies on the lower Yellow River.
The systematic construction of artificial leve´es was completed in the Warring States Period around
2000 years ago (Writing Group, 1982). Because the channel of the lower Yellow River is highly unstable,
and was characterized by frequent lateral shifts, the two leve´es were widely spread. The distance involved
was about 25 km, giving the river sufficient space to shift laterally (Writing Group, 1982). Hence, sediment
could be deposited on a large area, and the sedimentation rate was very low. Since the Ming dynasty, a new
strategy for the Yellow River regulation was put forward by Pan Jixun, a famous expert for Yellow River
regulation in Chinese history. This strategy was known as ‘narrowing the river channel to concentrate water
flow and scour sediment’ (Writing Group, 1982). The width between the two leve´es was greatly reduced,
resulting in a considerable increase in the flow velocity for a given water discharge, an increase in sediment
carrying capacity and a reduction in channel siltation. This strategy was continued by Jin Fu in the Qing
dynasty (Writing Group, 1982). The B zone marked in Figure 2 shows the period in which the strategy of
‘narrowing the river channel to concentrate water flow and scour sediment’ was implemented.
During the early stages of the practice of the strategy of ‘narrowing the river channel to concentrate water
flow and scour sediment’, sedimentation rates in the lower Yellow River declined, because the reduced cross-
section of the channel resulted in a larger flow velocity. However, as increased quantities of sediment were
delivered to the sea, the rate at which the river delta extended into the sea increased rapidly (Figure 8).
Extension of the river delta results in an increase of river length, which decreases the channel slope of the
near-mouth reach. This may cause retrogressive deposition that resulted in an increase in sedimentation rate
following the initial decline. Moreover, owing to the constraint imposed by the reduced distance between
the two leve´es, lateral shifting of the river channel was more limited than before. Sediment deposition was
restricted to a much narrower area, a factor that was also conducive to a higher sedimentation rate in the
lower Yellow River. There was a time lag between the reduced deposition and the increased deposition, so
that after a certain period during which the strategy of ‘narrowing the river channel to concentrate water flow
and scour sediment’ was implemented, sedimentation rates in the lower Yellow River increased again. This
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acceleration process
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response was superimposed on the effects of population increase in the middle Yellow River basin and led
to the marked increase in sedimentation rate in the lower Yellow River as represented by the third stage in
Figure 2. It should be pointed out that, after the founding of the People’s Republic of China in 1949, the
strategy for the regulation of the lower Yellow River was basically the same as adopted by Jin Fu and Pan
Jixun. The leve´es have been continually strengthened and made higher, to ensure that no bank breaching an
occur. As a result, the sedimentation rate in the lower Yellow River in this period reaches 8 cm year1, the
highest in history.
CONCLUSIONS
By introducing proxy indices based on the sediment record and analysis of historical literature, the temporal
variation in sedimentation rate in the lower Yellow River during the past 2300 years has been established and
related to historical changes in climate and land-use. The results obtained indicate that the response of the
lower sedimentation zone of the Yellow River is sensitive to changes in the response of the upland erosion
zone. Vegetation and land-use changes are the major factors responsible for acceleration of sedimentation in
the lower Yellow River. These changes occurred as a result of human activities, but they were also linked to
climate change. During the process of accelerated sedimentation over the past 2300 years, the period extending
from the 7th to 10th centuries and the period since the mid-19th century can be identified as two periods in
which abrupt changes occurred. Accordingly, the environment of the Loess Plateau can also be thought of as
undergoing two periods of abrupt change. The change in the regulation strategy on the lower Yellow River
has also been responsible for an increase in sedimentation rates. This effect should be differentiated from the
effects of factors operating in the upper drainage basin, such as population increase and land-use change, to
provide a better assessment of the effects of different types of human activity. This will be undertaken in the
future.
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